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Table 1 Atomic coordinates ( x10*) and equivalent isotropic

displacement parameters (A* x10°) for BNCP

3
atom xx10° yx 10 Zx 10* U(e%; 10
Co(1) 3242(1)  2222(1) 598 (1) 21(1)
N(1) 3268(3)  -519(3)  671(2) 26(1)
N(2) 2676(3) 546(3) 836(2) 26(1)
N(3) 1639(4) 314(3) 1181(3) 43(1)
N(4) 1542(4)  -937(3)  1260(3) 45(1)
N(5) 2824(3)  -2720(3)  918(2) 34(1)
N(6) 6091(3)  1185(3)  1309(2) 25(1)
N(7) 5117(3)  1914(3)  1478(2) 24(1)
N(8) 5581(4)  2408(3)  2350(2) 37(1)
N(9) 6891(3)  2001(3)  2761(2) 39(1)
N(10) 8462(3) 613(3) 2270(2) 36(1)
N(11) 3812(3)  1560(3)  —-443(2) 23(1)
N(12) 3861(4)  3902(3) 339(2) 37(1)
N(13) 2674(4)  2899(3)  1648(2) 42(1)
N(14) 1327(3)  2508(3)  -268(2) 32(1)
c(1) 2530(3)  —1380(3)  941(2) 27(1)
c(2) 7151(4)  1278(3)  2115(2) 27(1)
o(1) 2238(4)  -3441(3)  1306(3) 57(1)
0(2) 3655(3)  -3038(3)  510(2) 41(1)
0(3) 8605 (3) 1(3) 1615(2) 45(1)
0(4) 9343(3) 712(3) 3061(2) 59(1)
cI(1) 9142(1)  3944(1)  1460(1) 42(1)
0(5) 7695(5)  4142(5)  1379(4) 93(1)
0(6) 9258(10)  4798(6) 776(6) 167(3)
0(7) 9337(4)  2740(3)  1089(3) 72(1)
0(8) 10035(10)  4201(11)  2273(5) 281(8)

Note: U(eq) is defined as one third of the trace of the orthogonalized

Uij tensor.
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Table 2 Hydrogen coordinates ( x10*) and isotropic

displacement parameters (A’ x10*) for BNCP

hydrogen x % 10* ¥ x10° oxigt Ulea) x10°
2%
H(4) 969 Z1357 1470 54
H(9) 7448 2172 3326 47
H(I1A) 4740 1658 ~307 35
H(11B) 3362 1978 ~977 35
H(11C) 3597 739 ~523 35
H(12A) 4601 3822 136 56
H(12B) 4104 4364 871 56
H(12C) 3160 4285 - 108 56
H(13A) 2049 2378 1763 62
H(13B) 2286 3661 1489 62
H(13C) 3429 2964 2169 62
H(14A) 1097 1896 ~706 48
H(14B) 1285 3256 554 48
H(14C) 725 2500 61 48
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Table 3 Bond lengths [ A] and angles [ deg] for BNCP

bond bond/l;nglhs bond bund/lgnglh bond l)und/lgngllh bond bun(]/];;nglhs
Co(1)—N(2) 1.923(3) N(4)—C(1) 1.312(5) N(9)—H(9) 0.8600 N(13)—H(13A) 0.8900
Co(1)—N(7) 1.933(3) N(4)—H(4) 0. 8600 N(10)—0(3) 1.213(4) N(13)—H(13B) 0. 8900
Co(1)—N(I1) 1.942(3) N(5)—0(1) 1.214(4) N(10)—0(4) 1.221(4) N(13)—H(13C) 0. 8900
Co(1)—N(14) 1.953(3) N(5)—0(2) 1.224(4) N(10)—C(2) 1.439(5) N(14)—H(14A) 0.8900
Co(1)—N(12) 1.955(3) N(5)—C(1) 1.446(5) N(11)—H(11A) 0.8900 N(14)—H(14B) 0.8900
Co(1)—N(13) 1.957(3) N(6)—C(2) 1.318(4) N(11)—H(11B) 0.8900 N(14)—H(14C) 0.8900
N(1)—C(1) 1.312(4) N(6)—N(7) 1.328(4) N(11)—H(11C) 0. 8900 Cl(1)—0(8) 1.274(5)
N(1)—N(2) 1.329(4) N(7)—N(8) 1.329(4) N(12)—H(12A) 0. 8900 CI(1)—0(6) 1.389(6)
N(2)—N(3) 1.321(4) N(8)—N(9) 1.325(5) N(12)—H(12B) 0. 8900 Cl(1)—0(7) 1.422(4)
N(3)—N(4) 1.330(5) N(9)—C(2) 1.314(5) N(12)—H(12C) 0.8900 CI(1)—0(5) 1.429(4)
bond hon/d( zzn;;les bond bun/d( a:n)gle: bond bun/d( ain)glca bond lmn/(l( ain)glcs
N(2)—Co(1)—N(7) 90.06(12) N(2)—N(3)—N(4) 107.8(3) Co(1)—N(11)—H(11B) 109.5 H(14A)—N(14)—H(14B) 109.5
N(2)—Co(1)—N(11) 89.77(11) C(1)—N(4)—N(3) 103.6(3) H(11A)—N(11)—H(11B) 109.5 Co(1)—N(14)—H(14C) 109.5
N(7)—Co(1)—N(11) 90.19(11) C(1)—N(4)—H(4) 128.2 Co(1)—N(11)—H(11C) 109.5 H(14A)—N(14)—H(14C) 109.5
N(2)—Co(1)—N(14) 88.69(13) N(3)—N(4)—H(4) 128.2 H(11A)—N(11)—H(11C) 109.5 H(14B)—N(14)—H(14C) 109.5
N(7)—Co(1)—N(14) 178.44(12) O(1)—N(5)—0(2) 125.0(3) H(11B)—N(11)—H(11C) 109.5 N(1)—C(1)—N(4) 115.5(3)
N(11)—Co(1)—N(14) 90.74(12) 0(1)—N(5)—C(1) 117.8(3) Co(1)—N(12)—H(12A) 109.5 N(1)—C(1)—N(5) 121.9(3)
N(2)—Co(1)—N(12) 178.16(13) 0(2)—N(5)—C(1) 117.2(3) Co(1)—N(12)—H(12B) 109.5 N(4)—C(1)—N(5) 122.6(3)
N(7)—Co(1)—N(12) 89.12(13) C(2)—N(6)—N(7) 102.1(3) H(12A)—N(12)—H(12B) 109.5 N(9)—C(2)—N(6) 114.3(3)
N(11)—Co(1)—N(12) 88.58(13) N(6)—N(7)—N(8) 111.3(3) Co(1)—N(12)—H(12C) 109.5 N(9)—C(2)—N(10) 123.6(3)
N(14)—Co(1)—N(12) 92.16(14) N(6)—N(7)—Co(1) 125.6(2) H(12A)—N(12)—H(12C) 109.5 N(6)—C(2)—N(10) 122.1(3)
N(2)—Co(1)—N(13) 90.52(14) N(8)—N(7)—Co(1l) 123.1(2) H(12B)—N(12)—H(12C) 109.5 0(8)—CI(1)—0(6) 110.7(8)
N(7)—Co(1)—N(13) 89.70(13) N(9)—N(8)—N(7) 107.5(3) Co(1)—N(13)—H(13A) 109.5 0(8)—Cl(1)—0(7) 114.4(4)
N(11)—Co(1)—N(13) 179.68(14) C(2)—N(9)—N(8) 104.7(3) Co(1)—N(13)—H(13B) 109.5 0(6)—CI(1)—0(7) 103.9(4)
N(14)—Co(1)—N(13) 89.38(14) C(2)—N(9)—H(9) 127.7 H(13A)—N(13)—H(13B) 109.5 0(8)—CI(1)—0(5) 115.4(5)
N(12)—Co(1)—N(13) 91.12(15) N(8)—N(9)—H(9) 127.7 Co(1)—N(13)—H(13C) 109.5 0(6)—CI(1)—0(5) 99.6(5)
C(1)—N(1)—N(2) 101.4(3) 0(3)—N(10)—0(4) 125.2(3) H(13A)—N(13)—H(13C) 109.5 0(7)—CI(1)—0(5) 111.2(3)
N(3)—N(2)—N(1) 111.7(3) 0(3)—N(10)—C(2) 118.1(3) H(13B)—N(13)—H(13C) 109.5
N(3)—N(2)—Co(1) 123.8(2) 0(4)—N(10)—C(2) 116.7(3) Co(1)—N(14)—H(14A) 109.5
N(1)—N(2)—Co(1) 124.5(2) Co(1)—N(11)—H(11A) 109.5 Co(1)—N(14)—H(14B) 109.5
&4 BNCPHFHEHARKA
Table 4 Torsion angles for BNCP
bond angle/(°) bond angle/(°) bond angle/(°) bond angle/ (°)
C(1)—N(1)—N(2)—N(3) ~0.4(3) || N(1)—N(2)—N(3)—N(4) 0.8(4) N(14)—Co(1)—N(7)—N(8) ~68(5) || O(1)—N(5)—C(1)—N(4) ~8.4(5)
C(1)—N(1)—N(2)—Co(1) -180.0(2) Co(1)—N(2)—N(3)—N(4) -179.6(3) N(12)—Co(1)—N(7)—N(8) 77.0(3) 0(2)—N(5)—C(1)—N(4) 172.1(4)
N(7)—Co(1)—N(2)—N(3) 120.4(3) N(2)—N(3)—N(4)—C(1) -0.8(4) N(13)—Co(1)—N(7)—N(8) -14.1(3) N(8)—N(9)—C(2)—N(6) -0.2(4)
N(11)—Co(1)—N(2)—N(3) -149.4(3) || C(2)—N(6)—N(7)—N(8) ~0.4(4) N(6)—N(7)—N(8)—N(9) 0.3(4) || N(8)—N(9)—C(2)—N(10) -178.8(3)
N(14)—Co(1)—N(2)—N(3) -58.6(3) C(2)—N(6)—N(7)—Co(1) -179.5(2) Co(1)—N(7)—N(8)—N(9) 179.5(2) N(7)—N(6)—C(2)—N(9) 0.4(4)
N(12)—Co(1)—N(2)—N(3)  -176(41) || N(2)—Co(1)—N(7)—N(6) 74.4(3) N(7)—N(8)—N(9)—C(2) ~0.1(4) || N(7)—N(6)—C(2)—N(10) 179.0(3)
N(13)—Co(1)—N(2)—N(3) 30.7(3) N(11)—Co(1)—N(7)—N(6) =-15.4(3) N(2)—N(1)—C(1)—N(4) -0.2(4) 0(3)—N(10)—C(2)—N(9) -177.9(3)
N(7)—Co(1)—N(2)—N(1) -60.0(3) N(14)—Co(1)—N(7)—N(6) 111(4) N(2)—N(1)—C(1)—N(5) -178.2(3) 0(4)—N(10)—C(2)—N(9) 2.4(5)
N(11)—Co(1)—N(2)—N(1) 30.1(2) || N(12)—Co(1)—N(7)—N(6) —-104.0(3) N(3)—N(4)—C(1)—N(1) 0.6(5) || 0(3)—N(10)—C(2)—N(6) 3.7(5)
N(14)—Co(1)—N(2)—N(1) 120.9(3) N(13)—Co(1)—N(7)—=N(6) 164.9(3) N(3)—N(4)—C(1)—N(5) 178.6(3) 0(4)—N(10)—C(2)—N(6) -176.1(3)
N(12)—Co(1)—N(2)—N(1) 3(4) N(2)—Co(1)—N(7)—N(8) -104.6(3) 0(1)—N(5)—C(1)—N(1) 169.5(3)
N(13)—Co(1)—N(2)—N(1) -149.7(3) N(11)—Co(1)—N(7)—N(8) 165.6(3) 0(2)—N(5)—C(1)—N(1) -10.0(5)
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Crystal Structure of Initiating Explosive BNCP

SHENG Di-lun, MA Feng-e, ZHANG Yu-feng, ZHU Ya-hong, CHEN Li-kui, YANG Bin
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Abstract: The single crystal of tetraamminebis ( 5-nitrotetrazolato) cobalt ( Il ) perchlorate (BNCP) was prepared and characterized
by elemental analysis and X-ray single crystal diffraction. The results prove that the crystal is monoclinic. Space group is P2(1)/n
with crystal parameters of the unit cell dimensions; a =10.0149(11) A, a =90°,b =10.5387(11) A,B=109.0140(10)°,¢c =
14.8241(16) A,'y =90°,V=1479.2(3) A*,Z = 4,D,=2.050 mg - mm’ ,pu =1.421 mm ', F(000) =928. The information is
also provided about atomic coordinates, equivalent isotropic displacement parameters, bond lengths,bond angles and torsion angles of
BNCP. On the basis of tested parameters,the structure characteristics and decomposed mechanism of BNCP were obtained.
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Synthesis of Hexaallylhexaazaisowurtzitane

LI Xin-le' , SUN Cheng-hui', ZHAO Xin-gi', SONG Jian-wei’
(1. School of Materials Science and Engineering, Beijing Institute of Technology, Beijing 100081, China;
2. Liaoning Qingyang Chemical Industry Corporation, Liaoyang 111000, China)

Abstract: In order to explore a new route for the synthesis of CL-20, hexaallylhexaazaisowurtzitane was synthesized by condensation
reaction of allylamine with aqueous glyoxal without inert gases protection. Its structure was characterized by FTIR,'H NMR and
"C NMR. This route has higher yield of 37. 1% and easier way than the literature. Hexaallylhexaazaisowurtzitane without benzyl
group in the molecule would be a potential nitrolyzable precursor to CL-20.
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